habitats, and these patterns of phenotypic variation provide an ideal model for the investigation of ecological adaptation and diversification. Magota et al. (2018) reported several chloroplast and nuclear microsatellite markers based on genomic DNA sequence data of S. acerifolia Wakabayashi & Satomi, an endangered plant species related to S. fortunei (Wakabayashi, 1973; Ministry of the Environment, Japan, 2019) . However, only two of the previously identified nuclear markers showed polymorphisms in S. fortunei. Therefore, more polymorphic markers were needed to investigate the genetic structure and to infer the evolutionary history of S. fortunei. Expressed sequence tag-simple sequence repeat (EST-SSR) markers are valuable for their cross-transferability to related taxa in many plant species, and they are easier to develop at a lower cost than other types of nuclear markers (e.g., Takahashi et al., 2017) . In this study, we developed EST-SSR markers of S. fortunei var. incisolobata and examined their utility and transferability to related taxa.
METHODS AND RESULTS
Fresh floral buds of S. fortunei var. incisolobata (population F42, Appendix 1) were frozen in liquid nitrogen and total RNA was extracted using the Agilent Plant RNA Isolation Mini Kit (Agilent Technologies, Santa Clara, California, USA) following the manufacturer's protocol. A cDNA library was constructed and sequenced using the Illumina HiSeq 2000 platform (Illumina, San Diego, California, USA; performed by BGI, Shenzhen, China). The raw reads (paired-end 100 bp) are deposited in the DNA Data Bank of Japan (DDBJ; BioProject PRJDB8004). Low-quality reads were trimmed using Trimmomatic 0.38 (Bolger et al., 2014) with the following parameters: HEADCROP, 20 and SLIDINGWINDOW, 4:20. In all, 26,177,799 paired reads were obtained. We conducted de novo transcriptome assembly of these reads using Trinity v.2.8.4 (Haas et al., 2013) , which produced 121,463 contigs (mean length 673 bp). Microsatellite regions (≥7 dinucleotide or ≥7 trinucleotide repeats) were screened using MSATCOMMANDER (Faircloth, 2008) . A total of 568 regions were obtained, and we selected 96 PCR primer pairs based on the repeat numbers of microsatellite motifs. For all loci, the forward primers were synthesized with one of four different M13 sequences (5′-CACGACGTTGTAAAACGAC-3′, 5′-TGTGGAATTGTGAGCGG-3′, 5′-CTATAGGGCACGCGTG-GT-3′, or 5′-CGGAGAGCCGAGAGGTG-3′), and the reverse primers were tagged with a PIG-tail sequence (5′-GTTTCTT-3′). Twenty-four S. fortunei var. incisolobata individuals from each of three populations (F05, F35, and F38; Appendix 1) were used to evaluate the polymorphisms of the target loci. Moreover, we used 24 individuals from each of three related taxa (S. fortunei var. obtusocuneata, S. fortunei var. suwoensis, and S. acerifolia) for crossamplification. Genomic DNA for PCR was extracted from dried leaf materials using the cetyltrimethylammonium bromide (CTAB) method (Doyle and Doyle, 1987) , after washing the leaf powder three times with HEPES buffer (pH = 8.0; Setoguchi and Ohba, 1995) . The PCR was performed in a 5-μL reaction volume, containing approximately 0.5 ng DNA, 2.5 μL 2× Multiplex PCR Master Mix (QIAGEN, Hilden, Germany), 0.01 μM forward primer, 0.2 μM reverse primer, and 0.1 μM fluorescence-labeled M13 primer. The PCR thermal profile was set as follows: an initial denaturation at 95°C for 30 min; followed by 35 cycles of 95°C for 30 s, 58°C for 3 min, and 68°C for 1 min; and then a final extension at 68°C for 20 min. Amplified products were loaded onto an ABI 3130xl Genetic Analyzer (Applied Biosystems, Carlsbad, California, USA) using the GeneScan 600 LIZ Size Standard (Applied Biosystems), POP7 polymer (Applied Biosystems), and a 36-cm capillary array. Fragment size was determined using GeneMapper software (Applied Biosystems). To evaluate the utility of the developed markers, genetic diversity indices (number of alleles, observed heterozygosity, and expected heterozygosity) were calculated using GenAlEx version 6.503 (Peakall and Smouse, 2006) . Significant deviations from Hardy-Weinberg equilibrium and linkage disequilibrium were tested with 1000 randomizations using GENEPOP 4.2 (Raymond, 1995) .
Of 96 primer pairs tested with an individual from population F42, 47 loci showed clear peaks. Of the 47 loci that were successfully amplified, 26 showed polymorphisms within each population of S. fortunei var. incisolobata (Table 1 ) and 21 were monomorphic (Appendix 2). In total, from three populations (F05, F35, and F38) , the number of alleles ranged from four to 25 and the levels of observed and expected heterozygosity ranged from 0.200 to 0.847 and from 0.209 to 0.930, respectively (Table 2 ). In all three populations, two loci (SF716 and SF314) significantly deviated from HardyWeinberg equilibrium (P < 0.01), and significant linkage disequilibrium was detected between loci SF716 and SF166 (P = 0.00951).
The results of cross-amplifications are shown in Table 3 . In S. fortunei var. obtusocuneata, all 26 loci were successfully amplified and polymorphic. In S. fortunei var. suwoensis, all 26 loci were amplified, of which 22 showed polymorphisms. In S. acerifolia, 18 loci were amplified and 15 showed polymorphisms. Asterisks indicate significant deviation from Hardy-Weinberg equilibrium after Bonferroni correction (*P < 0.05, **P < 0.01, ***P < 0.001). Asterisks indicate significant deviation from Hardy-Weinberg equilibrium after Bonferroni correction (*P < 0.05, **P < 0.01, ***P < 0.001).
